Introduction {#S0001}
============

Fat embolism (FE) is characterized by the presence of fat globules in the circulatory system. This situation is very common (47--100%), especially after long-bone fractures and in several other conditions, such as surgery, septicemia, sickle-cell anemia, parenteral lipid infusion, liposuction, pancreatitis, acute respiratory distress, osteomyelitis, fatty liver, and cardiopulmonary resuscitation (CPR).[@CIT0001]--[@CIT0005] The lungs, central nervous system, skin, and kidneys are the most frequently involved organs in FE, and mortality due to this complication is about 5--15%.[@CIT0006]

Isolated pulmonary FE (IPFE) is a particular manifestation of FE characterized by the presence of fat tissue components in pulmonary vessels, without any evidence of FE in other organs.[@CIT0007] The presumptive diagnosis of IPFE is generally difficult, due to obscure clinical symptoms, and laboratory and radiological findings are not always indicative.[@CIT0007],[@CIT0008] Therefore, definitive diagnosis of this complication is established by histopathological examinations of postmortem lung-tissue samples.[@CIT0008]

Etiological factors that contribute to the development of IPFE have not been clearly documented, especially in atraumatic patients without known risk factors. Though studies have reported that a number of patients with pulmonary FE also had CPR history,[@CIT0009],[@CIT0010] more data are still required about the contributions of CPR to the development of IPFE.

Therefore, we intended to analyze whether CPR was a potential factor that could be conducive to the development of IPFE. For this purpose, we evaluated postmortem lung-tissue samples obtained from cases who had died due to traumatic or atraumatic reasons, and the grade of IPFE was determined for these cases. According to our knowledge, this will be one of the larger studies in terms of included case numbers.

Methods {#S0002}
=======

Study design and cases {#S0002-S2001}
----------------------

Retrospective data analysis was performed on the medical files of 4,118 cases that had undergone autopsy within the last 2 years in two distinct facilities of provincial subunits of the Forensic Medicine Institute of Turkey in Malatya (n=1,705) and Ankara (n=2,413). The nature of events for the cases in both cities were similar.

All cases were autopsied in the morgue departments of the forensic medicine institutes in both cities, and tissue samples were obtained from various organs. A total of 402 (9.7%) IPFE cases identified from 4,118 autopsies were assessed in this study. Demographic data, such as age and sex, and medical data belonging to the studied cases, such as causes of mortality and premortal clinical parameters, including CPR, and brief medical histories were recorded.

Cases were divided into two main categories: traumatic (n=302) and atraumatic (n=100). Traumatic cases included traffic accidents (n=118), falls from height (n=60), assaults (n=32), firearm injuries (n=28), burns (n=14), poisoning (drug, insecticide, carbon monoxide, opioids or mushrooms; n=13), common falls (in toilet or bath or from bed; n=12), explosions (n=7), drowning (n=6), getting trapped under a landslide (n=6), death by hanging (n=2), and electrocution-related death (n=4).

The Abbreviated Injury Scale (AIS) and injury-severity score were used for evaluating the severity of trauma in the trauma cases.[@CIT0011] In accordance with the AIS, the body was divided into six regions: external neck, head and face, thorax, abdomen, pelvic organs, and extremities. The severity of injury in each region was measured (1--6). The sum of squares of values of the three injury regions in the AIS was calculated as the ISS value. Cases according to the ISS were evaluated in three categories: 0--14 points, minor injury; 16--66 points, major injury; and ≥75 points, fatal injury. Atraumatic cases included myocardial infarction (MI; n=81), liver failure (n=2), cancer (n=3), death at home without any sign of trauma (n=8), maternal death during delivery (partum, postpartum; n=2), myocarditis (n=1), bedridden mental retardation (n=1), toxic megacolon (n=1), and aortic aneurysm rupture (n=1).

Histopathological evaluation and FE grading {#S0002-S2002}
-------------------------------------------

Tissue samples from the brain, cerebellum, lungs, liver, kidneys, heart, and pancreas obtained during the autopsies were fixed in 10% formalin solution. Tissue embedded in paraffin after routine tissue preparation were sliced at a thickness of 4 µm, stained with H&E, and examined under light microscopy. Because of the retrospective design of the study, oil staining (oil red O and Sudan black), which requires fresh tissue, was not convenient to use.

FE diagnosis was made based on the presence of lipocytes and/or components of bone marrow in the lumens of pulmonary vessels (alveolar capillaries, arteries, or veins) ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). FE was graded by a scoring system defined by Scully and Glass and modified by Mudd et al[@CIT0010]. Briefly, grade 1 was no emboli (4×), grade 2 one to five emboli (10×), grade 3 one to five emboli (40×), and grade 4 five or more emboli in a majority of fields (40×).Figure 1Bone-marrow particles in the lumen of the vessel. H&E, 100×.Figure 2Lipocytes in the lumen of alveolar capillaries. H&E, 100×.

Data analysis {#S0002-S2003}
-------------

Data distribution was evaluated with histograms, Q--Q graphics, and Shapiro--Wilk tests. For comparison of two independent groups, Mann--Whitney *U* tests were performed. Pearson's *χ*^2^ analysis was used for comparison of categorical variables. Data were analyzed using Turcosa statistical software. *P*\<0.05 was regarded as statistically significant.

Results {#S0003}
=======

Of the 402 cases, 74.1% (n=298) were male and 25.9% (n=104) female. Mean ages were 52.6 (2--99) years for men and 56.8 (3--97) years for women. xxxxAmong all subjects, 75.1% (n=302) of FE cases in our study were traumatic and 24.9% (n=100) atraumatic ([Figure 3](#F0003){ref-type="fig"}). Traffic-accident cases were the largest group in the traumatic cases, and MI was the largest group in atraumatic cases. Of the traumatic cases, median ISS was 75 and ISS category 3. FE grades were 13 cases grade 1, 239 cases grade 2, and remaining 150 cases grade 3. CPR was performed for 277 cases of which 177 (63.9%) were traumatic and 100 (36.1%) were non-traumatic. ([Table 1](#T0001){ref-type="table"}).Table 1Classification of cases according to etiology and CPR requirementAtraumatic casesnCPR-performed cases (%)Myocardial infarction8181 (100%)Liver failure22 (100%)Cancer33 (100%)Death at home88 (100%)Delivery related (partum-postpartum)22 (100%)myocarditis11 (100%)Bedridden mental retardation11 (100%)Toxic megacolon11 (100%)Aortic aneurysm rupture11 (100%)Total100100 (100%)**Traumatic cases**Traffic accident11861 (51.6%)Fall from height6036 (60%)Assault3216 (51.6%)Firearm injury2812 (42.8%)Burn1411 (78.5%)Poisoning1313 (100%)Common fall1212 (100%)Explosion72 (28.5%)Drowning66 (100%)Landslide63 (50%)Hanging21 (50%)Electrocution44 (100%)Total302177 (53.4%)[^1] Figure 3Study-design flowchart.

Statistical analyses showed that a significantly higher percentage of CRP was performed in atraumatic IPFE cases (*P*\<0.001). Additionally, the percentage of grade 2 FE was significantly higher in atraumatic IPFE than traumatic cases (*P*\<0.001); however, grade 1 and grade 3 FE were significantly higher in traumatic IPFE cases (*P*\<0.001). [Table 2](#T0002){ref-type="table"} shows whether CPR was performed or not, FE grade, ISS, and ISS categories of overall cases.Table 2Distribution of cases according to whether CPR performed or not, FE grade, ISS, and ISS categoriesIPFE cases*P*Traumatic (n/%)Atraumatic (n/%)**CPR**Performed, n (%)177 (58.6)^a^100 (100)^b^\<0.001Not performed125 (41.4)^a^0^b^\<0.001**FE**Grade 1, n (%)13 (4.3)^a^0^b^\<0.001Grade 2, n (%)139 (46.0)^a^100 (100)^b^\<0.001Grade 3, n (%)150 (49.7)^a^0^b^\<0.001**FE grade, median (range)**2 (1--3)2 (2--2)\<0.001**ISS, median (range)**75 (12--75)NA**ISS category, median (range)**3 (1--3)NA[^2]

Discussion {#S0004}
==========

The development mechanisms of fat globules appearing in the circulatory system, responsible for FE pathogenesis, have not been exactly explained yet. On the other hand, there are two mechanisms that have been emphasized.[@CIT0012] One of these is transient pressure increase in the bony trauma area causing the fat globules to migrate into the blood circulation from the bone marrow through ruptured medullary venous sinuses, consequently resulting in blockage of blood circulation in the lungs at the capillary level.[@CIT0013] Therefore, early-phase respiratory failure that develops due to posttraumatic FE can be explained.[@CIT0012] The other mechanism is biochemical: it is the FE that causes respiratory distress appearing within 24 hrs to 2 weeks in cases without bone fractures, such as burns, hyperthermia, liposuction, and pancreatitis.[@CIT0012],[@CIT0014]--[@CIT0016] In this mechanism, increasing release of catecholamines due to trauma leads to an increase in lipase levels. As such, when fat is hydrolyzed, free fatty acids, such as oleic and linoleic acid, are released, giving rise to pulmonary damage and respiratory distress syndrome.[@CIT0012],[@CIT0014],[@CIT0017] Moreover, lipoprotein-lipase activity originating in the endothelium causes parenchymal damage that leads to local fatty-acid release in the pulmonary microcirculation.[@CIT0017],[@CIT0018]

While FE is observed in a majority of trauma cases accompanied by bone fractures in varying proportions (40--100%), FE syndrome (FES) is present in only 0.9--5%.[@CIT0019]--[@CIT0022] Since systemic FE and FES were among the exclusion criteria, a total of 402 cases with histopathological FE only in the lungs (IPFE) were included in the study. The number of cases (n=402) in the present study is the largest IPFE series in the literature. The fact that males accounted for 74.1% of the cases in this study, a larger proportion than female cases, can be interpreted as a higher rate of involvement of men in judicial situations.

CPR was performed for all cases with atraumatic etiology (100%, n=100), and rib fractures due to CPR were identified. Although CPR itself is a secondary trauma, the main causes of death in these cases were atraumatic, such as MI. It is possible that the intrathoracic pressure gradient during ventilation may facilitate the intake of fat particles (bone-marrow elements) from the broken ribs into the bloodstream during CPR. Bone-marrow elements were found in lung vessels (arteries, veins) in cases of bone fracture, while fat globules were detected in alveolar capillaries in such cases as burns or blunt trauma. However, the number of IPFE cases without bone fracture was low, and statistical evaluation was not possible.

Although 47--100% of blunt-trauma cases have been shown to be related to FE, fatal FE cases are exceptionally rare in the literature.[@CIT0023]--[@CIT0028] In our series, among the cases murdered by an assault (n=31), IPFE was identified in only one on which CPR was not performed and that had no bone fractures. In this case, spread ecchymoses were detected in the soft tissue of the arms, legs, hips, and back, covering 20--30% of the whole body. The definite cause of death was reported as crush syndrome, due to the acute tubular necrosis found in the kidneys, and FE developing through a biochemical mechanism was determined to have made a major contribution to death.

In some studies conducted on the correlation between FE and CPR, pulmonary FE refers to 65--86% of trauma cases and 88% nontrauma cases in which CPR was performed.[@CIT0029],[@CIT0030] In our study, CPR-performed cases accounted for 68.9% of all cases (277 of 402). Furthermore, IPFE was present in all cases and CPR performed on 53.4% (177 of 302) of traumatic and 100% (100 of 100) of atraumatic ones.

There was a statistically significant difference in the severity of FE between the trauma subgroups (*P*˂0.001). In groups with high ISS and AIS scores, FE grade was high as well. This was interpreted as an increase in circulatory bone-marrow elements migrated into the vessels due to an increased number of bone fractures. In addition, examination of cases who had both rib fractures and CPR revealed severe FE more than cases without CPR or rib fractures. On the other hand, all CPR-performed atraumatic cases, there were rib fractures present secondary to CPR, resulting in FE. As both respiratory and circulatory support have to be maintained during CPR, fat and/or bone-marrow particles migrating into the circulatory system to cause FE appear to develop following CPR. The FE in these cases was classified as grade 2, and was not considered to be the main cause of death.

When cases in this study were evaluated with respect to the precise cause of death, almost all were found to have a cause of death (bleeding, cardiovascular collapse, burns and complications, asphyxia) independent of IPFE. Although IPFE alone can be a definite cause of death, it was found to be a contributing factor for almost all cases in our study. Crush syndrome was suggested as the precise cause of death in one of the assault cases, where IPFE was only a contributing factor. It was reported that IPFE had an additional contribution in the burn-related respiratory and circulatory collapse identified as the precise cause of death.

The diagnosis of FE is very difficult to define clinically, unless it becomes syndromic (FES) in living patients with rib fractures due to CPR. Although studies on these issues are rare, in patients admitted to emergency units due to trauma with rib fractures who require inpatient management in thoracic surgery clinics, FES symptoms are either not observed or very rare. Silva et al reported that of 229 cases with rib fractures, FES developed in only five (2.2%).[@CIT0031] In the thoracic surgery clinic of our hospital, FES was not detected in any of the 709 patients with rib fractures monitored and treated due to trauma in 1998--2017.

The importance of the FE in CPR-survivors depends on the clinical condition of the patients (eg, severe hypoxia in blood-gas analysis). Although multislice thoracic computed tomography imaging is an approved method for diagnosis in pulmonary embolism, because of the deteriorated clinical condition of CPR survivors, it is usually not possible to obtain a computed tomography scan soon after resuscitation.

When it comes to evaluating findings regarding malpractice, no studies or data are available in the related literature either both medical or judicial dimensions of the development of FES following CPR. Moreover, there are very few, if any, reports of FE due to rib fractures following CPR. The grade of FE in CPR-performed nontrauma patients was statistically significantly lower than trauma cases with multiple bone fractures in our study. Besides this, lethal FES does not develop in patients who are followed up, particularly in thoracic surgery or orthopedics due to rib fractures or other bone fractures. Therefore, rib fractures secondary to CPR should not be regarded as malpractice, but physicians should be alert to identifying them as an indicator of FE when respiratory symptoms develop.

Limitations {#S0004-S2001}
-----------

This study was retrospective, and only autopsy cases with FE were examined. Although the FES-development rate is quite low in living FE patients, it is not possible to make any comments about the actual FE rate in the patients.

Conclusion {#S0005}
==========

The precise cause of death must be determined with reference to clinical, autopsy, and forensic findings before reporting histopathologically identified IPFE at an autopsy as the real cause of death. It must be remembered that IPFE can develop at high rates in living patients with rib fractures following CPR. Also, clots can be added on fat globules and/or bone-marrow particles present in the circulatory system (especially in microcirculation), and thus FE can develop new clinical symptoms or deteriorate clinical behaviors of the present disease. IPFE should be taken into consideration for patients being monitored and treated for rib fractures when respiratory parameters get worse without any other reason. Although IPFE can develop due to rib fractures during CPR, FES and systemic FE rarely develop in clinical practice following CPR. Therefore, although rib fractures are common, effective CPR performance is mandatory, and one should not hesitate because of malpractice due to FE.
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[^1]: **Abbreviation:** CPR, cardiopulmonary resuscitation.

[^2]: **Abbreviations:** CPR, cardiopulmonary resuscitation; FE, fat embolism; ISS, injury-severity score; NA, not applicable.
